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C. ..REDOX UNIT 1 G...DPV SCANNING 
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(57) Abstract: Probes for detecting a gene, 
each containing a terminal redox unit and being 
capable of having a hairpin structure, are fixed 
on an electrode and used as a DNA chip. Thus, 
a target gene is conveniently detected at a high 
S/N ratio without labeling a sample. There has 
been developed a system whereby conversion 
of a hairpin structure into a double-strand 
structure accompanying the recognition of a 
target gene is detected based on a change in an 
electrochemical system. 
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SEQUENCE LISTING 

<110> MITSUI CHEMICALS. INC. 

<120> A probe DNA for detection of a 

for detection of the gene 

<160>5 

<210>1 

<211>26 

<212>DNA 

<213>Artif ical Sequence 
<220> 

<223> probe DNA 
<400>1 

tgagtatcat ctttggtgtt tctcaa 26 

<210>2 

<211>21 

<212>DNA 

<213>Artif ical Sequence 
<220> 

<223> sample DNA 
<400>2 

ccaatagtag aaaccacaaa a 21 

<210>3 

<211>22 

<212>DNA 

<213>Artif ical Sequence 
<220> 



gene and a electro-chemical method 
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22 



21 

<210>5 

<211>28 

<212>DNA 

<213>Artif ical Sequence 
<220> 

<223> probe DNA 
<400>5 

tagcgaaata agtattagac aaccgcta 28 



2/2 



<223> sample DNA 
<400>3 

cctttattca taatctgttg aa 

<210>4 

<211>21 

<212>DNA 

<213>Artif ical Sequence 
<220> 

<223>sample DNA 
<400>4 

cctatagtaa ccacaaagga a 
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Specification 



Probes for detecting gene and method of electrochemically detecting gene 

Technical Area 

The present invention relates to a hairpin type probe that makes possible 
electrochemical nucleic acid detection, and a chip for detecting a target gene with this 
fixed, as well as an electrochemical nucleic acid detection method that uses this. 

Background Technology 

Various methods are used as gene analysis methods based on hybridization. In 
Southern hybridization and northern hybridization DNA and RNA separated by gel 
electrophoresis are transferred to a nylon membrane and the like, and hybridization with a 
labeled probe is carried out. The DNA chip or DNA microarray method makes possible 
high-throughput gene analysis by fixing DNA groups with the sequences divided on a 
substrate of glass and the like in a state formed in a line at a high density; and, with this 
as probe, carries out hybridization with respect to the DNA and RNA that is the target of 
the investigation. In an analysis by means of these hybridizations, labeling either the 
probe or the nucleic acid that forms the examination target with a radioactive compound 
or fluorescent substance is common. In the case of a label based on a radioactive 
compound, handling within a controlled area is a precondition, and the facilities that can 
use it are limited. On the one hand, with a label based on a fluorescent substance, 
handling in an ordinary laboratory is possible; on the other hand, because laser light is 
used in detection, there is the problem that the detection apparatus is large and expensive. 

In a DNA chip or DNA microarray an electrochemical detection method is 
coming to be used as a detection means in the place of a fluorescent assay. For example, 
the method disclosed in the specification of Japanese patent 2573443, characterized in 
that a nucleic acid probe is fixed to an electrode surface and used, and specifically 
bonded to a two chain nucleic acid, and an electrochemically active two chain recognition 



body (insertion agent) is added to a reaction system, and the redox current that originates 
in the insertion agent bonded to the two chain nucleic acid comprised of the nucleic acid 
probe, and the target gene is measured. In this method, labeling the nucleic acid molecule 
that is the target of examination beforehand is not necessary, but, following hybridization, 
the operation of adding insertion agent to the measurement system, as well as removing 
an excess of insertion agent becomes necessary. Furthermore, with this kind of method, 
in the measurement system, the amount of binding of the insertion agent to the nucleic 
acid molecules cannot be strictly controlled. Furthermore, it can be thought that a high 
level of control of the measurement system, such as using different insertion agents for 
each probe on one electrode, is difficult. 

Disclosure of Invention 

The present invention regards as the problem, in addition to adding the nucleic 
acid of an examination target to a probe for gene detection use fixed to an electrode, the 
provision of a method that is simple and has a good S/N ratio that does not require a 
special procedure (such as the labeling of the examination target nucleic acid, the 
addition of an insertion agent and the like, and the addition of enzymes). The present 
invention, further, simultaneously regards as the problem, fixing probes for the detection 
of multiple types of genes on a single electrode and providing a method that can 
simultaneously detect these target genes. 

In order to resolve the above-mentioned problems, the change to the two stranded 
structure (opened structure) from the hairpin structure (closed structure), accompanying 
recognition of the target gene, has actively been made use of in the present invention. 
That is, a DNA molecule was used that includes a mutually complementary inverse 
repetitive sequence in the molecule and a target gene recognition sequence sandwiched 
therein. The relevant DNA molecule, in the state in which the target gene does not exist, 
forms two chains in a stable molecule due to the complementary inverse repeating 
sequence, and the molecule as a whole takes the structure in which the hairpin shape is 
closed. When the target gene exists, said target gene is recognized by means of the 
recognition sequence located in the loop in the hairpin structure, two chains mutually 



form and become an open structure. In this process, the high order structure of the 
relevant DNA molecule greatly changes from the single molecule of the hairpin state to 
that of two chains (collapse of hairpin) with the target gene. 

Furthermore, a system that causes a redox unit to bind to one end of the relevant 
DNA molecule and detects the above-mentioned collapsed state of the hairpin using an 
electrochemical reaction was developed. For example, a redox unit is caused to bind to 
one end of a probe consisting of single stranded nucleic acid that takes the above- 
mentioned hairpin structure, an electrode is fixed to the other end, and when this is 
caused to hybridize with the target gene, the hairpin structure collapses, and the 
electrochemical system on the relevant electrode changes. This change can be thought to 
occur due to the fact that because the probe fixed to the electrode takes the hairpin 
structure in the state in which the target gene does not exist, the redox unit bonded to the 
end approaches the electrode surface, but when the target gene is recognized and two 
chains are formed, the hairpin structure opens and the relevant redox unit recedes from 
the electrode surface. Measuring this change as the change of the electric signal of the 
electric current and the like can confirm the existence of the target gene. 

In this way a method that causes a redox unit to bond to the end of the probe that 
structurally changes the most at the time of the recognition of a target gene and causes a 
change of the electrical response originating in a redox unit by causing a change of the 
distance between the redox unit and the electrode was developed and caused the 
completion of the present invention. 

That is, the present invention is as follows. 

(1) A probe for target gene detection use characterized in being 

a probe for target gene detection use that includes a recognition sequence able to 
recognize a target gene, and having a straight chain molecule consisting of at least one of 
a nucleic acid and a nucleic acid analog, and a redox unit, 

and, individually, consisting of a two stranded stem and a single stranded loop, in 
which said single stranded loop forms a hairpin structure closed by means of said two 
stranded stem, and due to the fact that the sequence subject to detection that indicates the 
existence of the target gene and the above-mentioned recognition sequence form two 



strands, said hairpin structure opens, and has the sequence necessary for a two stranded 
part to be formed with the sequence subject to detection on one part of said probe, and 

the above-mentioned redox unit, when the above-mentioned hairpin structure has 
been formed, is bonded to other than the above-mentioned single strand loop or is bonded 
to one of the two strands that approach. 

(2) The probe for target gene detection use described in the above-mentioned 
paragraph (1) in which a sequence able to form the above-mentioned hairpin structure has 
two mutually complementary inverse repeating sequences, and a target gene recognition 
sequence consisting of complementary sequences in the sequences subject to detection 
provided between these repeating sequences. 

(3) The probe for target gene detection use described in the above-mentioned 
paragraphs (1) or (2) in which at least one part of the above-mentioned single stranded 
molecule is DNA or RNA. 

(4) The probe for gene detection use described in the above-mentioned paragraphs 
(1) or (2) characterized in that at least one part of the above-mentioned single stranded 
molecule is a peptide nucleic acid. 

(5) The probe for gene detection use described in any of the above-mentioned 
paragraphs (1) - (4) in which the above-mentioned redox unit is included in either of the 
following positions a) and b). 

a) One strand of either of the two strands that compose the above-mentioned two- 
stranded stem. 

b) One end of the above-mentioned straight chain molecule. 

(6) The probe for gene detection use described in any of the above-mentioned 
paragraphs (1) - (6 [note: 5 probably intended]) in which the redox unit is a quinone 
compound, a metallocene compound, a flavin compound and a porphyrin compound, a 
metal or metallic compound. 

(7) A chip for target gene detection use characterized in being 

a chip for target gene detection use having a carrier having an electrode surface, 
and the probe for target gene detection use described in any of the above-mentioned 
paragraphs (1) - (6) bonded to said electrode surface, 



and, when the above-mentioned hairpin structure has been formed, the end region 
of the strand to which the above-mentioned redox unit is not bonded, between the two 
strands that bond or approach at other than the above-mentioned single stranded loop, is 
bonded to the above-mentioned electrode. 

(8) The chip for target gene detection use described in the above-mentioned 
paragraph (7) in which multiple different probes that can specify respective multiple 
different target genes have been fixed to the above-mentioned electrode surface for each 
probe, and redox units with different electrical responses for each of the above-mentioned 
multiple target genes are bonded to each probe. 

(9) A target gene detection method characterized in having, 
in a method that detects a target gene using a probe, 

a step that forms, on the electrode surface of the chip for target gene detection use 
described in the above-mentioned paragraph (7), a reaction system in which said probe 
fixed to said electrode surface can make the above-mentioned hairpin structure, and 

a step that causes a reaction, in said reaction system, under conditions that can 
cause a sample and the above-mentioned probe, when an sequence subject to detection 
has been included in said sample, to form two strands by means of hybridization with 
said probe and said sequence subject to detection, in which the hairpin structure of said 
probe is opened and converted to a single strand, and 

a step that imparts electric potential to the electrode of the electrode of the chip 
that has passed through said reaction, and judges the state of the hybridization with said 
probe and with said sequence subject to detection based on the electric current value 
obtained. 

(10) The target gene detection method described in the above-mentioned 
paragraph (9) that uses a probe in which multiple probes that recognize multiple different 
target genes are fixed to different electrodes for each respective probe. 

(1 1) A method that simultaneously detects multiple target genes characterized in 

having, 

in a method that detects a target gene using a probe, 



a step that forms, on the electrode surface of the chip for target gene detection use 
described in the above-mentioned paragraph (8), a reaction system in which said probe 
fixed to said electrode surface can make the above-mentioned hairpin structure, and 

a step that causes a reaction under conditions that can cause a sample and the 
above-mentioned probe, when at least one kind of sequence subject to detection with 
respect to the multiple different target genes in said sample has been included, to form 
two strands by means of hybridization with said probe and said sequence subject to 
detection, and convert to a single strand that does not have a two strand part with the 
hairpin structure of said probe opened, and 

a step that imparts electric potential to the electrode of the chip that has passed 
through said reaction, and judges the state of the hybridization with said probe and with 
said sequence subject to detection based on the electric current value obtained. 

Furthermore, the state of the above-mentioned hybridization, normally, represents 
whether two strands form and the hairpin structure has collapsed, or whether the hairpin 
structure is unchanged. 

By means of using the probe for gene detection use and the electrochemical gene 
detection method of the present invention, the target gene can be easily and promptly 
detected without special handling besides regulating the nucleic acid that becomes the 
sample. Furthermore, in the present invention, because the high order structure of the 
probe for target gene detection use itself changes, depending on the existence of the 
target gene, the S/N ratio of detection increases and highly reliable detection results can 
be given. Consequently, it is effective in the detection of microscopic genes and the 
detection of SNP and the like. 

Furthermore, by using redox units for which the electrical responsiveness differs, 
concerning the respective probes for which the target gene differs, it is possible to 
constitute a DNA chip in which these probes are affixed to single electrodes. If said DNA 
chip is used, it becomes possible to carry out simultaneous detection of multiple genes 
simply and at a low cost. 

The method of the present invention, except for modifying, with a redox unit, the 
end of a DNA molecule that can take the hairpin structure, requires no special measures, 
and is extremely simple. By setting the conditions of hybridization with a probe and with 



a target gene, detecting, with high sensitivity, the slight array differences and the like of 
target genes becomes possible. 

Furthermore, since a redox unit can be replaced depending on the type of 
sequence, by means of immobilizing on one electrode a probe consisting of various 
sequences with units having different redox potentials connected, multiple target genes 
can be detected simply. 

Brief Explanation of the Drawings 

Fig. 1 is a schematic diagram of the typical probe for gene detection use in the 
present invention. 

Fig. 2 is a drawing that shows the typical flow of gene detection in the present 
invention. 

Fig. 3 is a schematic diagram of a DNA chip of the single electrode - 
multielement detection type which the gene detection probe of the present invention uses. 
Probe 1 has redox unit 1, and probe 2 has redox unit 2. 

Fig. 4 is a synthesis flow diagram of an anthraquinone-modified type uridine 
nucleotide. 

Fig. 5 shows the differential pulse voltammogram (when a sequence that perfectly 
matches is possessed in the recognition sequence of the target gene of ODN1) when 
ODN2 (WT) was regarded as the specimen. 

Fig. 6 shows the differential pulse voltammogram (when consisting of a sequence 
that does not match the recognition sequence of the target gene of ODN1) when ODN3 
(G178MU) was regarded as the specimen. 

Fig. 7 shows the differential pulse voltammogram (when consisting of a sequence 
that does not match the recognition sequence of the target gene of ODN1) when ODN4 
(F508) was regarded as the specimen. 

Fig. 8 is a graph that has relativized the amount of electric current in differential 
pulse voltammography concerning the three specimens, WT, G178 and F508. 

Fig. 9 is a graph that has relativized the peak electric current values in differential 
pulse voltammography concerning the three specimens, WT, G178MU and G508. 



Fig. 10 is a diagram that shows the manufacturing process of ODN5. DMSO 
indicates dimethyl sulfoxide and DTT indicates dithiothreitol 

Fig. 1 1 shows the DVP result when ODN2 (WT) was regarded as the specimen, 
using probe ODN5. 

Fig. 12 shows the DVP result when ODN3 (G178MU) was regarded as the 
specimen, using probe ODN5. 

Fig. 13 shows the DVP result when ODN4 (F508) was regarded as the specimen, 
using probe ODN5. 

Fig. 14 shows the calculated result of the S/N ratio. 

Fig. 15 shows the results of the electric current values when 10 cycles are 
repeated in embodiment 4. 

Best Mode for Implementing the Invention 

The present invention will be explained in detail below. 

In the present invention, "probe for target gene detection use" means a molecule 
for detecting the existence in a sample of nucleic acid molecules that has a sequence in 
order to specify a target gene regarded as the detection subject, based on a hybridization 
reaction. The probe for gene detection use in the present invention includes a redox unit, 
consists of a straight chain molecule, individually takes a closed hairpin structure 
consisting of a two stranded stem and a single stranded loop, but has the sequential 
characteristic so as to become an opened structure by means of forming two strands with 
said target gene under conditions in which the target gene exists. As structures able to 
form this kind of hairpin structure, for example, those that respectively include, mutually 
complementary inverse repeating sequences, as well as sequences able to recognize a 
target gene between said repeating sequences, intramolecularly, can be mentioned. 

In "straight chain molecules", oligonucleotides and the like nucleic acid (DNA or 
RNA), and nucleic acid analogs (modified nucleic acid) consisting of chemically 
modified nucleotide units, and, besides what are called chimeric nucleotide and peptide 
nucleic acid (PNA) that include DNA and RNA, other artificial straight chain molecules 
that can behave similarly to a nucleic acid molecule in a hybridization reaction are 



included. A straight chain nucleic acid can be synthesized by, for example, a DNA 
synthesizer, and, when necessary, amplifying the synthesized items by means of a PCR is 
also acceptable. Molecules similar to straight chain nucleic acid also, can be adjusted by 
methods well known per se. 

"Two stranded stem" means two chains intramolecularly formed, "single stranded 
loop" means the single stranded part that formed a loop shape pursuant to the formation 
of a two stranded stem. "Closed structure" means the structure of a hairpin shape 
composed of a two stranded stem and a single stranded loop, and "opened structure" 
means the state in which the two stranded stem is dissociated. Furthermore, a "single 
stranded loop" need not necessarily be a loop shape and can take a random structure but 
does not contribute to the stabilization of the "closed structure". 

A "complementary inverse repeating sequence" is one able to form two strands 
stabilized intramolecularly due to forming a Watson-Crick base pair, and that it is a group 
of arbitrary arrangements with no relation to the target gene is acceptable, that the unit is 
3 bases or more is desirable, and a more desirable length is 5 - 8 bases, but in the 
application of one part, a still longer repeating unit is suitable. Furthermore, it is desirable 
that said repeating units be placed, respectively, at both ends, or in the vicinity of the 
ends of the probe molecule for gene detection use. 

A "recognition sequence that can recognize a target gene", or a target gene 
recognition sequence, means a sequence complementary to the sequence subject to 
detection (base sequence) that specifies the gene desired to be detected, and the range of 
the desirable lengths is 7 - 40 bases. In the probe for gene detection use of the present 
invention the target gene recognition sequence is placed sandwiched between each 
repeating unit of the complementary inverse repeating sequence. Because of the 
characteristics of this kind of sequence, the probe for gene detection use of the present 
invention, when the target gene does not exist or the conditions of hybridization with the 
target gene are not sufficient, forms a two stranded stem structure formed by means of the 
complementary inverse repeating sequences hybridizing with each other and a closed 
molecule structure formed by means of a single stranded loop structure consisting of the 
target gene recognition sequence. 



Consequently, the fact that "those that respectively include, mutually 
complementary inverse repeating sequences, as well as sequences able to recognize a 
target gene between said repeating sequences, intramolecularly," can be said to be a 
typical example of a "individually takes a closed [note: the first appearance of this 
passage, above, includes "hairpin" here] structure comprised of a two stranded stem and a 
single stranded loop, but has the arrangement characteristic so as to become an opened 
structure by means of forming two strands with said target gene under conditions in 
which the target gene exists." 

As for a sequence that can recognize a target gene, being positioned in a single 
stranded loop is desirable, and the case of one part, or all, of one, or both, of the above- 
mentioned repeating sequence (the part that forms a stem) being included in one part of 
the sequence that can recognize a target gene is also acceptable. 

Furthermore, the sequence subject to detection that specifies a target gene is the 
sequence that includes the molecule actually used in the hybridization reaction with a 
probe. It is acceptable if this sequence subject to detection is the target gene itself that is 
desired to be detected, or a complementary sequence of a part that is characteristic of that 
target gene that is contained in the target gene. It is acceptable if this kind of partial 
sequence is a fragment directly obtained from an isolated gene, or one synthesized based 
on a partial sequence selected from the base sequence of the target gene. 

This kind of structure composed from a two stranded stem structure and a single 
stranded loop, generally, is also called a hairpin structure, but the stability of that 
structure, in the case of DNA and RNA, is affected by the temperature and salt 
concentration of the buffer solution in which said probe exists, in addition to the length 
and kind of the complementary repeating sequence concerned in the intermolecular two 
stranded formation. For example, in an oligonucleotide molecule consisting of 27 bases, 
in the case of complementary inverse repeating sequences of five bases that amount to 5' 
- TTGAG - 3 V 5' - CTCAA - 3', the Tm value involved in the intramolecular two 
stranded formation is estimated to be approximately 54°C, based on the actual 
measurement value, in a buffer solution that contains 50 mM of NaCl. The Tm value in 
the two stranded formation of a probe molecule and target gene is decided by the length 
and type of the recognition sequence of the target gene; and when said sequence is 20 



mer or less, following the rules of Wallace, the Tm value can be approximately given by 
the following formula. Tm (°C) = 2 x (number of A and T) + 4 x (number G or C). In the 
case of a sequence larger than 20 mer, several calculation methods, such as the nearest- 
neighbor method, are appropriate. 

When the existence of a target gene is detected by means of the probe for gene 
detection use of the present invention, it is desirable to set the Tm value in the two 
stranded formation of the probe molecule and the target gene to be the same as, or higher 
than, the Tm value in the two stranded formation inside the probe molecule. The 
desirable length of the recognition sequence of the target gene is from 15 to 18 mer, but, 
depending on the target, ones shorter and longer than this can also be used. 

In the target gene analysis method of the present invention, the hairpin structure is 
regarded as being maintained by the probe alone; and, when a molecule having the 
sequence subject to detection and the probe are hybridized, a reaction of the sample with 
the probe is carried out under conditions in which the hairpin structure is done away with. 

Concerning the salt concentration of the buffer solution, when the probe molecule 
is DNA and RNA, hybridization is affected. Because the two strands are stabilized by the 
existence of positive ions, generally, in the case of high ion strength, the Tm value 
becomes higher. On the other hand, when the probe molecule is formed of peptide 
nucleic acid, the effect of ion strength becomes smaller. 

In the probe for gene detection use of the present invention, when designing the 
target gene recognition sequence, the base sequence of the target gene itself, or the 
consensus sequence of the gene family to which the target gene belongs and the like 
sequence information is necessary. The work of picking out the recognition sequence that 
has the appropriate Tm value from among the sequence information can even be carried 
out by visual observation, but it possible to use commercially available primer design 
programs or online programs offered by public institutions and the like, for example, 
Oligo Calculator (http://mbcf.dfci.harvard.edu/docs/oligocalc.html). 

In contrast to this, arbitrarily setting the complementary inverse repeating 
sequence without relation to the target gene is possible. Generally, that it be a sequence 
that contributes to the formation of a stable hairpin structure, that it be a sequence that 
has no complementarity with respect to the target gene recognition sequence, and that it 



be a sequence in which the Tm value in the intramolecular two stranded formation gives 
a value that is the same as the Tm value in the two stranded formation of the target gene, 
or a value lower than that, is desirable, but, depending on the target, concerning one or 
both of said repeating sequences, there are cases in which part or all thereof is included in 
part of the target gene recognition sequence. 

Since most of the various kinds of primer design programs can calculate the ease 
of the intramolecular two stranded formation, they can be used as a standard of sequence 
determination. 

In the probe for target gene detection use of the present invention, the redox unit, 
in the state in which a two stranded stem forms, is bonded to one strand that forms this 
two stranded stem. Furthermore, when the two strands that form a two stranded stem 
have parts lengthened from the two stranded stem on the side opposite the single stranded 
loop of the two stranded stem, binding the redox unit to one of these lengthened parts is 
also acceptable. For example, it is desirable that the redox unit be included in either of the 
following positions a) and b). 

a) On either of the stems that form the two stranded stem at the time of formation 
of the closed structure composed of a two stranded stem and a single stranded loop. 

b) A straight chain nucleic acid or either end of a molecule similar thereto. 

The probe for gene detection use of the present invention is characterized in that, 
by itself, a closed structure consisting of a two stranded stem and single stranded loop can 
be adopted, but, under conditions in which a sequence subject to detection for the purpose 
of specifying a target gene exists, becomes an opened structure due to the formation of 
two strands with said sequence subject to detection. Before and after the recognition of 
this kind of target gene, what changes the most structurally is the region that forms the 
two stranded stem. In the present invention, the use of this kind of structural change as 
the change of an electric signal is regarded as characteristic. Consequently, as for the 
redox unit, in the matter of the probe for gene detection use of the present invention, 
being included on one of the strands that forms the two stranded stem is desirable, and as 
this kind of method, being placed on one of the repeating units of the mutually 
complementary inverse repeating sequences is desirable. In the probe for gene detection 
use of the present invention, because placing mutually complementary inverse repeating 



sequences on both ends of the probe is desirable, that a redox unit is included on either 
end of a straight chain nucleic acid that forms the probe or a molecule similar thereto is 
still more desirable. Here, it is not necessary that "end" be strictly the end, a range of 3 - 
5 parts at the unit of a nucleotide is allowed. That is, even in the kind of case in which a 
redox unit has been bonded to the fifth nucleotide from the end of the molecule, it is 
regarded as included in the "end". Furthermore, when, depending on the target, a linker 
molecule and the like is bonded to the end of a straight chain nucleic acid or a molecule 
similar thereto, including a redox unit in said linker is also acceptable. 

As the desirable modes in which a redox unit is included in a probe molecule, the 
cases of being directly or, via a linker molecule, covalently bonded to a straight chain 
nucleic acid or a molecule similar thereto (nucleic acid analogs) can be mentioned, but 
the modes are not limited thereto. 

It is desirable that a redox unit bonded to a probe for gene detection use of the 
present invention be a substance having a redox potential of +1 .0 - -1 .0 V in independent 
measurement (measurement in the state in which a probe and the like is not bonded). Still 
more desirable is that ones selected from organometallic complexes, metals and metallic 
compounds represented in quinone and derivatives thereof such as quinone compounds, 
flavin and derivatives thereof such as flavin compounds, porphyrin and derivatives 
thereof such as porphyrin compounds, ferrocene and the like metallocene compounds can 
be used. As quinone compounds, anthraquinone and pyrroloquinoline quinone can be 
mentioned. Bonding multiple redox units to one probe, as necessary, is also acceptable. 

The schematic structure thereof and the general chemical formula of a typical 
probe for gene detection use of the present invention are set forth in Fig. 1 . In the 
chemical formula, N indicates an arbitrary nucleotide, A indicates an adenosine 
nucleotide, and U indicates a uridine nucleotide. Redox indicates redox unit. 1 in the 
diagram indicates the main body of the probe molecule, 2 and 8 indicate complementary 
inverse repeating sequences. And, 3 is a target gene recognition sequence that forms a 
single stranded loop in the formation of a hairpin structure. In contrast to 10 that is a 
molecule consisting of an oligonucleotide, 9 indicates a linker consisting of 6- 
mercaptohexanol. That the redox unit indicated by 4 is covalently bonded to the uracil 
base of a uridine nucleotide is shown. 



In the event the probe molecule (the part that does not contain the redox unit of 
the probe for gene detection use of the present invention) consists of DNA or RNA, 
synthesizing it by means of a commercially available DNA/RNA synthesizer is possible. 
In many cases, even concerning cases consisting of nucleic acid that includes various 
types of modified nucleotides similar to DNA or RNA nucleotides, synthesizing using a 
commercially available DNA/RNA synthesizer is possible. 

When peptide nucleic acid is included in a probe molecule, synthesizing by means 
of a liquid phase process and a solid phase process the same, a peptide is possible, and 
the synthesized item is also commercially available. Concerning the peptide nucleic acid 
synthesis method, the details are published in the specification of the publication of the 
Japanese translation of PCT application number Hei 6-509063, the specification of US 
patent number 2758988, P. E. Nielsen et al., Journal of American Chemical Society, 1 14, 
1895-1987 (1992), P. E. Nielsen et al., Journal of American Chemical Society, 1 14, 
9677-9678 (1992) and the like. 

The typical electrochemical gene detection method of the present invention is 
explained in Fig. 2. The most desirable gene detection mode in the present invention is 
the one carried out by the mode with the probe for gene detection use of the present 
invention fixed on an electrode surface, and still more desirable is the one carried out by 
the mode of a DNA chip with probes for detecting multiple types of genes fixed to 
electrodes arranged on a carrier or substrate. 

In Fig. 2, the probe molecule is bonded to the electrode surface of 5 via the thiol 
group of 6 positioned at the end of the linker consisting of 6-mercaptohexanol of 9. The 
hairpin structure opens by recognizing the target gene 7 and two strands consisting of 7 
and 1 are formed. Pursuant to this kind of structural change, the distance of the redox unit 
of 4 from the electrode surface is caused to change, and the change of said distance 
becomes measured as the change of the electric current value. 

The "probe for target gene detection use" of the present invention means that 
which has fixed the probe for gene detection use of the present invention consisting of a 
single type or multiple types on the surface of an electrode arranged on the surface of an 
appropriate carrier, for example, a substrate and base substance of various shapes, and 
when a probe of multiple types is used, fixing this to a single electrode is acceptable, or 



the method that fixes to individual electrodes in a state systematically ordered so that the 
position information of each probe can be traced can be used. 

When multiple different probes are used, since the electrical responsiveness of the 
redox unit changes for each of the differing multiple probes that recognize the differing 
target genes, which sequence subject to detection was hybridized to which probe can be 
detected from the electrical responsiveness that can be obtained, and the target gene can 
be specified based on the information related to the target gene recognition sequence of 
the probe hybridized with the sequence subject to detection. For example, to obtain a 
system that can detect the first and the second of two target genes, a first probe that has a 
sequence complementary to a nucleic acid molecule that has the first sequence subject to 
detection that can specify the first target gene, and a second probe that has a sequence 
complementary to a nucleic acid molecule that has the second sequence subject to 
detection that can specify the second target gene, and has a redox unit with a different 
electrical response than that of the first probe, are fixed to a single electrode, or to two 
respectively independent electrodes, dividing the region, and caused to react with a 
sample. When a nucleic acid molecule that has the first sequence subject to detection 
exists in the sample, detection of the first target gene becomes possible by means of the 
change of the electrical response of the redox unit that has the first probe, and when the 
nucleic acid molecule that has the second sequence subject to detection exists in the 
sample, detection of the second target gene becomes possible by means of the change of 
the electrical response of the redox unit that has the second probe. When nucleic acid 
molecules that have both of these first and second sequences subject to detection exist in 
a sample, detection of the first and second target genes becomes possible based on the 
change of the electrical responses of the redox unit that has the first probe, and the 
change of the electrical responses of the redox unit that has the second probe that differs 
therefrom. 

In a DNA chip of the present invention, it is desirable that a probe for gene 
detection use of the present invention be fixed to an electrode surface by means of 
bonding with either of the following parts c) and d). 



c) One strand that does not contain a redox unit among the two strands that form a two 
stranded stem at the time of formation of a closed structure consisting of a two stranded 
stem part and a single stranded loop part. 

d) The end that does not contain the redox unit of a straight chain nucleic acid or a 
molecule similar thereto. 

The probe for gene detection use of the present invention is characterized in 
independently taking a closed structure consisting of a two stranded stem part and a 
single stranded loop part, but, under conditions in which a sequence subject to detection 
that specifies a target gene exists, becomes an opened structure due to the forming of said 
target gene and two strands. In the DNA chip of the present invention, there is the 
characteristic that gene detection is carried out by means of reading the change of 
distance with respect to the electrode of the redox unit, before and after the recognition of 
a target gene, as an electric current. Consequently, fixing a probe so that the change of 
the distance concerned becomes the greatest is desirable; for this purpose, among the two 
strands that constitute a two stranded stem, fixing one strand that does not contain a redox 
unit, or an end that does not contain the redox unit of a straight chain nucleic acid that 
constitutes a probe or a molecule similar thereto, to an electrode is desirable. Here also, it 
is not necessary that "end" be strictly the end, a range of 3 - 5 parts at the unit of a 
nucleotide is allowed. Furthermore, when, depending on the target, a linker molecule and 
the like is caused to bond to the end of a straight chain nucleic acid or a molecule similar 
thereto, fixing by means of causing said linker and the electrode surface to bond is 
possible. In the case of the probe shown in Fig. 1, fixing is carried out by causing the SH 
group of the 6-mercaptohexanol bonded to the 3' end of a nucleotide chain to bond to the 
electrode surface. 

As shown in Fig. 3, the method that fixes multiple types of probes to a single 
electrode and is used is the method that should be characteristic of the present invention 
and can be done by using redox units with mutually different electrical responses 
concerning each of the multiple probes of different target genes. 

For example, with respect to probe 1 and probe 2 for which the target genes are 
different from each other, when redox units consisting of anthraquinone and ferrocene, 
respectively, are used, in differential pulse voltammography the peak of the electric 



current value in the hairpin state can be seen in the vicinity of -0.5 V with probe 1 and in 
the vicinity of +0.3 V with probe 2. Consequently, even if these probes were fixed to the 
same electrode, mutually distinguishing and detecting target gene one or target gene two 
is possible by reading the peak electric current values with respect to the respective 
probes without individually changing the measurement conditions. As for a DNA chip for 
this kind of single electrode - multielement analysis use, it can be expected that the 
structure of the chip can be regarded as simple, and the manufacturing cost of the chip 
and the cost required in measurement can be made lower. 

As the material of the electrodes that can be used in the method for 
electrochemical gene detection of the present invention, graphite, glassy carbon and the 
like carbon electrodes, platinum, gold, palladium, rhodium and the like precious metal 
electrodes, titanium oxide, stannic oxide, manganese oxide, lead oxide and the like oxide 
electrodes, Si, Ge, ZnO, CdS and the like semiconductor electrodes, titanium and the like 
electronic conductors can be mentioned, but using gold or glassy carbon is particularly 
desirable. It is acceptable to cover these electronic conductors by means of electrically 
conductive polymer and by means of monomolecular film. 

As the carrier that mounts the electrode, using hydrophobic or low hydrophilic 
electric insulating material is desirable, and as this kind of material, glass, cement, 
ceramics and porcelain and the like ceramics or new ceramics, polyethylene terephthalate, 
cellulose acetate, polycarbonate of bisphenol A, polystyrene, polymethyl metacrylate and 
the like polymers, silicon, activated carbon, porous glass, porous ceramics, porous silicon, 
porous activated carbon, textile fabric, nonwoven fabric, filter paper, short fiber, 
membrane filter and the like porous substances and the like can be mentioned; but if it is 
various types of polymer, glass or silicon, it is, particularly, desirable. This is due to the 
ease of surface treatment and the ease of analysis by means of an electrochemical method. 
Neither the electrical insulating carrier nor the substrate thickness is, particularly, 
restricted. 

When multiple electrodes are placed on a carrier or substrate, that the respective 
electrodes do not come into contact with each other, and that they are systematically 
placed on said carrier or substrate is desirable. It is also acceptable to provide on said 
carrier or substrate a layer consisting of a hydrophilic polymer material having an electric 



charge and a layer consisting of a cross linking agent before providing the electrodes. By 
providing this kind of layer, the unevenness of said carrier or substrate can be reduced. 
Furthermore, depending of the type of carrier or substrate, it is also possible to include a 
hydrophilic polymer material having an electric charge inside that material, and a carrier 
or substrate that has had this kind of treatment performed can also be desirably used. 

As the method of fixing a probe to the electrode surface, various methods can be 
used, but those done through the aid of a covalent bond are desirable. As this kind of 
fixing method, the method that modifies the end of the probe with a compound that 
includes the thiol group, for example, 6-mercaptohexanol, and fixes by means of a thiol 
bond to the surface of an activated gold electrode can be mentioned. At the time of this 
kind of bond, causing a spacer molecule of the appropriate size to be disposed between 
the probe molecule and the activated group of the electrode surface is also acceptable. 

Carrying out the fixation of the probe molecule by the spot application on the 
electrode surface of a water solution in which the probe molecule has been dissolved or 
dispersed is desirable. It is also acceptable to cause an additive to be contained in the 
water solution that contains the probe molecule that can heighten the viscosity of that 
water solution. As this kind of additive, sucrose, polyethylene glycol, glycerol and the 
like can be mentioned. After the spot application, the probe molecule is fixed when let 
stand for several hours undisturbed at a prescribed temperature. Spot application can also 
be carried out by manual operation, but can also be carried out using a spotter provided in 
DNA chip manufacturing equipment regarded as universal. After spot application, 
carrying out incubation is also acceptable. After incubation, washing and removing the 
unfixed probe molecules is desirable. 

A DNA chip prepared as mentioned above can be used immediately with respect 
to nucleic acid that becomes the target of inspection. 

In the present invention, the detection of various genes can be carried out by 
means of changing the target gene recognition sequence in the probe for gene detection 
use. In the food product area, when probes for gene detection use regarded as 
complementary sequences to the base sequences of all the microorganisms contained in 
food products or in one part thereof are used, direct detection of the microorganisms 
contained in food products can be carried out, and a food product sanitation inspection 



becomes possible. As this kind of microorganism contained in food products, for example, 
pathogenic Escherichia coli, Staphylococcus haemolyticus, and Salmonella can be 
mentioned. 

In the agriculture, forestry and fishery industries area, use is possible in the 
detection of the pathogenic microorganisms or viruses of crops, farm animals, and fish, 
and the examination and the like of the producing areas and brands of agricultural 
products and livestock products. Furthermore, use is possible also in the detection of 
genetically modified crops and livestock products. When a probe has used a 
complementary sequence in the base sequence of a plant virus or viroid as the recognition 
sequence, detection of a plant virus or viroid that has infected a plant can be carried out, 
and the diagnosis of a contagious condition in the agricultural area becomes possible. As 
this kind of plant virus or viroid, for example, the tobacco mosaic virus and the 
cauliflower mosaic virus can be mentioned. When a probe is used that regards a 
complementary sequence in the base sequence of all, or a part thereof, of the pathogenic 
microorganisms or viruses that infect farm animals and fish as the recognition sequence, 
detection of the pathogenic microorganisms or viruses that infect fish can be carried out, 
and diagnosis of a contagious condition in the livestock area and the fishery area becomes 
possible. As this kind of pathogenic virus and microorganism, for example, the foot-and- 
mouth disease virus and pathogenic Vibrio can be mentioned. 
In the medical treatment area, detection of pathogenic microorganisms or viruses that 
bring about infection and contagious conditions and the like in the human body, causal 
genes of hereditary diseases, activated proto-ontogenesis and the like is possible. When a 
probe that regards a complementary sequence in all, or one part thereof, of the pathogenic 
microorganisms or viruses that bring about infections and contagious conditions in the 
human body as the recognition sequence is used as the nucleic acid probe, diagnosis of 
contagious conditions becomes possible. As this kind of pathogenic microorganism that 
brings about infection and a contagious condition and the like in the human body, for 
example, streptococcus, mycoplasma, Clostridium, chlamydia, salmonella, herpes simplex, 
and cytomegalo virus that are pathogenic microorganisms can be mentioned. 

When a probe is used that regards a complementary sequence in the base 
sequence of all or part of the causal gene of a hereditary disease as the recognition 



sequence, direct examination of the hereditary disease becomes possible. As this kind of 
causal gene of a hereditary disease, for example, the causal genes of adenosine deaminase 
deficiency and sickle cell anemia can be mentioned. 

When a probe is used that regards a complementary sequence in the base 
sequence of all or part of an activated proto-oncogene as the recognition sequence, a 
cancer diagnosis becomes possible. As this kind of activated proto-oncogene, for 
example, the cancer genes entered in the Cancer Gene Data Book (Masashi Shibuya, 
Shujunsha) can be mentioned. 

There are times when the causal genes of a hereditary disease, the ease of 
contracting another disease, and the ease of the effectiveness of medicine and the like, are 
determined by a single nucleotide polymorphism (SNP) on a gene. In the detection of this 
kind of gene, distinguishing the slight differences in terms of structure from the 
standpoint of the different genes for each specimen is necessary, raher than the detection 
of the existence and the expression of the relevant gene itself. In the present invention, 
the detection of the existence of SNP in a specimen is possible due to the use of stricter 
hybridization conditions. 

In the gene detection method of the present invention, first of all, the nucleic acid 
that becomes the subject of investigation is prepared by the operation of extraction from 
the various materials and biological tissues. When DNA is prepared from biological 
tissue, various types of DNA kits offered by reagent manufacturers and the like, for 
example, "Get pureDNA Kit-Blood (manufactured by Dojindo Laboratories) suitable for 
preparing from blood and ISOHAIR (manufactured by Nippon Gene Co., Ltd.) suitable 
for preparing from hair and the like can be used. The prepared nucleic acid, when 
necessary, for example, can be amplified by a polymerase chain reaction (PCR) and the 
like; and in the case of RNA, converting to the corresponding DNA by means of reverse 
transcription can be used. 

Next, hybridization of the nucleic acid obtained by the above-mentioned 
operation and the probe for gene detection use of the present invention is carried out 
using a DNA chip. In the present invention, before hybridization, chemical treatment that 
labels and the like the nucleic acid is not necessary, but when the nucleic acid sample is 
two stranded DNA, denaturing by means of a heat treatment and using in hybridization as 



single stranded is desirable. Hybridization is implemented by means of causing a sample 
solution in which nucleic acid is dissolved or dispersed to make contact with the probe 
for gene detection use of the present invention. Implementing hybridization in the 
temperature range of 20 - 40°C, and in the time range of 1 - 24 hours is desirable, but 
setting the optimal conditions of hybridization in response to the chain length of the 
probe molecule fixed to the electrode and the type of the sample nucleic acid, is advisable. 
After hybridization ends, carrying out washing and the removal of the unreacted sample 
nucleic acid fragments is desirable. 

With the gene detection method that the DNA chip of the present invention uses, 
after hybridization of a nucleic acid sample, measurement of the electric current can be 
carried out immediately, without going through a special operation. As for measurement 
of the amount of electric current, any method is acceptable, if it can measure the electric 
current that flows between the electrode and the redox unit. Using cyclic 
voltammography (CV), differential pulse voltammography (DPV), linear sweep 
voltammography, and a potentiostat and the like is desirable. Dipping the electrode to 
which a counter electrode and the probe for gene detection use have been fixed in an 
electrolyte solution, causing the formation of a system of a pair of electrodes, and 
measuring the differential pulse voltammography is particularly desirable, [note: the 
following sentence fragment appears here: "measuring the ...ferential pulse 
voltammography is particularly desirable."] 

With DPV, the peak electric current with the electric potential peculiar to the 
probe can be obtained in accordance with the redox potential of the redox unit used in the 
probe. This peak electric current is the maximum when the probe takes the hairpin 
structure and becomes the minimum when the probe and the target gene are forming two 
strands. In the case of a DNA chip that has fixed probes for detecting multiple types of 
genes to single electrodes and has used redox units with different electrical responses for 
each target gene, because characteristic electric potentials exist that give peak electric 
currents for each individual probe, by means of tracing the changes of the peak electric 
currents in these electric potentials in DPV, detection concerning the respective target 
genes can be carried out. 



Furthermore, as a solvent of a reaction system that maintains the hairpin structure 
of an unreacted probe in the reaction of the sample and the probe and forms two strands 
with the target sequence, as well as a solvent in detection based on the change of the 
electric current of a two strand formation of a probe and a target sequence, using a neutral 
to weakly basic buffer solution that contains 1-100 mM of MgCb is desirable. Using a 
buffer solution (pH 8.0) consisting of 10 mM Tris hydrochloric acid, 1 mM EDTA, and 
using an MgCl 2 concentration in a range of 3 - 10 mM is particularly desirable. 

Embodiment 
[Embodiment 1] 

(1) Synthesis of anthraquinone-modified type uridine nucleotide 

The synthesis route is shown in Fig. 4. 

Acid chloride (compound 2) was obtained from anthraquinone 2-carboxylic acid 
by means of thionyl chloride processing. After compound 2 and propargyl amine (1, 
made by Wako Pure Chemical Industries, Ltd.) were agitated and caused to react for 4 
hours at room temperature in (weight ratio 1 to 1) N, N-dimethyl formamide in the 
presence of l-ethyl-3-(3-dimethylaminopropyl) carboiimide (1 equivalent weight, made 
by Wako Pure Chemical Industries, Ltd.) and extracted, and refined by column 
chromatography, product 3 (21%) was obtained. 

After 5-iodo-2'-deoxyuridine (4, made by Signa Co., Ltd.) and 4, 4' - 
dimethoxytrityl chloride (made by Tokyo Kasei Kogyo Co., Ltd.) (weight ratio 1 to 1) 
were mixed in pyridine and agitated for 16 hours at room temperature, caused to react, 
and extracted, and refined by column chromatography, product 5 (65%) was obtained. 

Product 3 and 5 (weight ratio 1 to 1), in the presence of (tetrakis triphenyl 
phosphine) palladium (0.15 equivalent weight, made by Wako Pure Chemical Industries, 
Ltd.) and triethylamine (1 equivalent weight, made by Wako Pure Chemical Industries, 
Ltd.), were agitated for 12 hours at room temperature in N, N-dimethyl formamide and 
caused to react, and, after extraction, were refined by column chromatography, and 
product 6 (74%) was obtained. Furthermore, product 6 and 2-cyano ethyl tetra isopropyl 
phosphor diamidite [note: Japanese has, phonetically, "dimiadite", but this is probably a 
typographical error] (made by Aldrich Co.] (weight ratio 1 to 1), in the presence of 



tetrazol (1 equivalent weight, made by Dojin Chemical Co. [note: possibly, Dojin 
Laboratories]), was agitated and caused to react for 1 hour at room temperature in 
acetonitrile, and the obtained product 8 was used unchanged in DNA synthesis. 

(2) Preparation of oligonucleotide for probe and sample use 
Probe ODN1 has nucleotide sequence 

(TGAGTATCATCTTTGGTGTTTCTCAA) shown in sequence number 1 of the 
sequence table. An oligonucleotide was synthesized by a DNA synthesizer and the 
anthraquinone-modified type uridine prepared by (1) was added at end 5'. After the 
product was refined, 6-mercaptohexanol was added at end 3'. 
ODN1: 5'-U Aq TGAGTATCATCTTTGGTGTTTCTCAA-(CH 2 ) 6 -SH-3' 

ODN2 - ODN4 consist of the sequences shown in sequence numbers 2 - 4 of the 
sequence table, and, respectively, were synthesized by a DNA synthesizer. 
ODN2: 3'-CCAATAGTAGAAACCACAAAA-5" (WT) (sequence number 2) 
ODN3: 3 ' -CCTTTATTC ATAATCTGTTGAA-5" (G178MU) (sequence number 3) 
ODN4: 3 '-CCTATAGTAACCACAAAGGAA-5" (F508) (sequence number 4) 

(3) Preparation of a gold electrode modified by a probe 

A gold electrode with an area of 2 mm was boiled for 3 hours in a potassium 
hydroxide solution, and after being washed in pure water, immersed for 3 hours at room 
temperature in a concentrated nitric acid solution, was further washed in pure water. Onto 
the surface of a gold electrode processed as above, 1 |iL of the l-|iM-ODNl solution was 
dropped, covered by a rubber cap, and let stand for 3 hours at room temperature. After 
that, the electrode was lightly washed with pure water, and 1 mM mercaptohexanol 1 |iL 
was dropped, covered by a rubber cap and let stand for 3 hours at room temperature. 

(4) Hybridization 

Hybridization was caused by dropping a solution of 5 mM sodium phosphate, 50 
mM sodium chloride, pH 7.0 containing, respectively, 50 nanomol of ODN2 - 4, onto a 
gold electrode that has immobilized ODN1 and letting stand for 1 hour at room 
temperature. After that, light washing with a buffer solution was carried out. 

(5) Measurement of electric current 

Measurement by means of differential pulse voltammetry (DPV) was carried out 
by electrochemical analyzer model 660A made by ALS, Inc. A saturated calomel 



electrode [note: The Japanese text has "karomea" rather than "karomeru" for "calomel", 
but this is probably a mistake in the Japanese text.] (SCE) was used for the reference 
electrode, and a platinum electrode was used for the counter electrode. Measurement was 
carried out at room temperature in a solution of 5 mM sodium phosphate, 50 mM sodium 
chloride, pH 7.0, and the pulse period was 200 ms, the scan rate was 100 mV/s, the pulse 
amplitude was 50 mV, and the pulse width was 50 ms. The respective sample 
oligonucleotides were measured two times each and the values were averaged. 

The DPV result, when ODN2 that contained a sequence that perfectly matched 
the recognition sequence in probe ODN1 was used as the sample, is shown in Fig. 5. It 
can be seen that the peak electric current value that could be seen in the state (hairpin) in 
which the sample was not added, markedly decreases in the state in which the sample has 
been added (WT). 

On the other hand, the DPV results in the cases of ODN3 and ODN4 consisting of 
sequences that do not match the recognition sequence in probe ODN1 are shown in Fig. 6 
and 7. In either case, an electric current response can be seen in both the state in which 
the sample has not been added (hairpin) and the state in which a sample has been added 
(G178MU or F508), but in the state in which the sample has been added, both the electric 
current amount and peak value decrease. This can be thought to suggest that the hairpin 
structure of the probe is somewhat affected by the addition of the sample, but the change 
of the electric current value can be thought to be restrained by the adjustment of the 
conditions of hybridization. 

In Fig. 8 and 9, for each sample, the change of the electric current amount and the 
peak electric current, before and after the time of adding, are relatively set forth. As can 
be seen from these figures, when the recognition sequence in the probe is perfectly 
matched, a marked change of electric current response can be observed before and after 
the time of that recognition. In the case of a sample consisting of a sequence that does not 
match, that there would be practically no change of the electric current value before and 
after the time of that recognition is desirable, but the difference in electric current values 
can be thought to have occurred because the interaction between the probe and the 
sample could not be eliminated in the hybridization conditions in this embodiment. 



However, if there is the difference in electric current value shown in the figures, there is 
no impediment to detection. 
(Embodiment 2) 

(1) Preparation of a flavin analog modified type probe 

ODN5 that contains a flavin analog as a redox unit was synthesized. 
ODN5 : 5 ' - fl8 TAGCGAAATAAGTATTAGAC AACCGCTA-(CH) 6 -SH-3 ' 

The flavin analog was synthesized by a method set forth in Ikeda et al., 
Tetrahedron Letters 42, 2529 (2001). 

By means of an automatic DNA synthesizer, an oligo DNA having the sequence 
(TAGCGAAATAAGTATTAGACAACCGCTA) of sequence number 5 was synthesized 
by a method that introduced Thiol modifier C6 S-S (made by Glen Research) to the 
second from end 3' (support nucleoside), and introduced Amino modifier C2 dT (made 
by Glen Research) to end 5'. After the first approach from support, and deprotection, 
agitated for 12 hours in a 50 mM sodium phosphate buffer solution (pH 8.7) that contains 
a flavin analog activated by 20 mM of N-hydroxy-succinimide. Since the reaction liquid 
was refined by HPLC, an oligo DNA with a flavin analog added to the 5' end was 
obtained. Furthermore, this was agitated for 30 minutes in a DTT solution (50 mM Na 
phosphate, pH 8.4) of 0.1 M and reduction of the S-S bond was carried out, and by HPLC 
refining, a 3' end hexanethiol-modified oligo DNA (ODN5) was obtained (Fig. 10). 

(2) Preparation of a gold electrode modified by a probe, carried out by the method 
stated in hybridization Embodiment 1 . 

(3) Measurement of the electric current value by means of DVP carried out by the 
method stated in Embodiment 1 . 

The DPV results when ODN3 (G178MU), complementary to a recognition 
sequence in probe ODN5, was used as a sample are shown in Fig. 12. It can be seen that 
the peak electric current value that could be observed in the state (hairpin) in which the 
sample was not added is markedly reduced in the state (G178MU) in which the sample 
was added. 

On the other hand, the DPV results when ODN2 (WT) and ODN4 (F508) that are 
not complementary to the recognition sequence in probe ODN5 were regarded as the 
samples are shown in Fig. 1 1 and 13, respectively. In either case, the electric current 



response, practically, does not change in the state (hairpin) in which a sample has not 
been added and in the state (WT or F508) in which a sample has been added. 
(Embodiment 3) 

The S/N ratios in gene detection were calculated and compared concerning the 
anthraquinone-modified type probe used in Embodiment 1 and the flavin-modified type 
probe used in Embodiment 2. Here the S/N ratio is defined as the value of the electric 
current amount (Ap a ft er ) after hybridization subtracted from the electric current amount 
(Apbefore) before hybridization divided by the electric current amount (Ap be fore) before 
hybridization. The calculation results are shown in Table 1 and Fig. 14. 



Table 1 . S/N ratio of a gene detection experiment using anthraquinone-modified type and 
flavin-modified type probes (Average value of the results measured three times) 



Probe 


Redox unit 


Sample 


S/N 

= (Apbefore ~ 
Ap a fter)/Apbefore 


ODN1 


Anthraquinone 


ODN2 (WT) 


0.608 


ODN1 


Anthraquinone 


ODN3 (G178MU) 


0.121 


ODN1 


Anthraquinone 


ODN4 (F508) 


0.243 


ODN5 


Flavin 


ODN2 (WT) 


0.032 


ODN5 


Flavin 


ODN3 (G178MU) 


0.575 


ODN5 


Flavin 


ODN4 (F508) 


0.010 



Because the sequences of the probes differ, they cannot be unconditionally 
compared, but as for the case of a flavin-modified type probe compared to an 
anthraquinone-modified type probe, the results were ideal with the S/N ration high with 
respect to a complementary sequence, and the S/N ratio low with respect to a sequence 
that is not complementary. 

(Embodiment 4) 

Change of the electric current value when a DNA-modified electrode was repeatedly used 



Hybridization/denaturation using an ODN5 -modified electrode prepared by 
Embodiment 2 was repeatedly carried out, and the change of the electric current value 
was investigated. ODN3 (G178MU) that is a complementary target, or ODN2 (WT) and 
ODN4 (F508), were added to an ODN5-modified electrode and hybridization was carried 
out, and the electric current value was measured by means of DPV. Continuing, the 
electrode was immersed for 1 minute in a 90% formamide/10% TE buffer solution and 
the 2 chain state was caused to dissociate, and after 1 minute in the TE buffer, the electric 
current value was measured by means of DPV. The results of the electric current value 
when the above-mentioned operation was regarded as one cycle and ten cycles were 
repeated are set forth in Fig. 15. When ODN3 (G178MU) that is a complementary target 
was used, an electric current value that reflected the hairpin state and the two strand state 
about the time of hybridization was shown, and even when the cycles were repeated, their 
values were, practically, uniform. On the other hand, when ODN2 (WT) or ODN4 (F508) 
that are not complementary to the probe were used, although a little lowering of the 
electric current value was seen in the latter half of the cycle, a cyclical change of the 
electric current value that reflected hybridization/denaturation could not be seen. From 
the above kinds of results, that the detection of genes can be repeated with good 
reproducibility by using an electrode to which the probe for gene detection use of the 
present invention has been fixed was shown. 

Possibility of Use in Industry 

By means of using a hairpin type probe having the redox unit concerned in the 
present invention as well as the electrochemical gene detection method used therein, 

1) the detection of target base sequences and single nucleotide polymorphisms, 

2) a chip for an electrochemical type of target gene detection, 

3) biosensors 

and the like can be provided. 



Claims 



1 . A probe for target gene detection use characterized in being 

a probe for target gene detection use that includes a recognition sequence able to 
recognize a target gene, and having a straight chain molecule consisting of at least one of 
a nucleic acid and a nucleic acid analog, and a redox unit, 

and, individually, consisting of a two stranded stem and a single stranded loop, in 
which said single stranded loop forms a hairpin structure closed by means of said two 
stranded stem, and due to the fact that the sequence subject to detection that indicates the 
existence of the target gene and the above-mentioned recognition sequence form two 
strands, said hairpin structure opens and has the sequence necessary for a two stranded 
part to be formed with the sequence subject to detection on one part of said probe, and 

the above-mentioned redox unit, when the above-mentioned hairpin structure has 
been formed, is bonded to other than the above-mentioned single strand loop or is bonded 
to one of the two strands that approach. 

2. The probe for target gene detection use described in Claim 1 in which a 
sequence able to form the above-mentioned hairpin structure has two mutually 
complementary inverse repeating sequences and a target gene recognition sequence 
consisting of complementary sequences in the sequences subject to detection provided 
between these repeating sequences. 

3. The probe for target gene detection use described in Claims 1 or 2 in which at 
least one part of the above-mentioned single stranded molecule is DNA or RNA. 

4. The probe for gene detection use described in Claims 1 or 2 characterized in 
that at least one part of the above-mentioned single stranded molecule is a peptide nucleic 
acid. 

5. The probe for gene detection use described in any of Claims 1 - 4 in which the 
above-mentioned redox unit is included in either of the following positions a) and b): 

a) One strand of either of the two strands that compose the above-mentioned two strand 
stem. 

b) One end of the above-mentioned straight chain molecule. 

6. The probe for gene detection use described in any of Claims 1 - 5 in which the 
redox unit is a quinone compound, a metallocene compound, a flavin compound and a 
porphyrin compound, a metal or metallic compound. 



7. A chip for target gene detection use characterized in being 

a chip for target gene detection use having a carrier having an electrode surface, 
and the probe for target gene detection use described in any of Claims 1 - 6 bonded to 
said electrode surface, 

and, when the above-mentioned hairpin structure has been formed, the end region 
of the strand to which the above-mentioned redox unit is not bonded, among the two 
strands that bond or approach at other than the above-mentioned single stranded loop, is 
bonded to the above-mentioned electrode. 

8. The chip for target gene detection use described in Claim 7 in which multiple 
different probes that can specify respective multiple different target genes have been 
fixed to the above-mentioned electrode surface for each probe, and redox units with 
different electrical responses for each of the above-mentioned multiple target genes are 
bonded to each probe. 

9. A target gene detection method characterized in having, 
in a method that detects a target gene using a probe, 

a step that forms, on the electrode surface of the chip for target gene detection use 
described in Claim 7, a reaction system in which said probe fixed to said electrode 
surface can make the above-mentioned hairpin structure, and 

a step that causes a reaction, in said reaction system, under conditions that can 
cause a sample and the above-mentioned probe, when an sequence subject to detection 
has been included in said sample, to form two strands by means of hybridization with 
said probe and said sequence subject to detection, in which the hairpin structure of said 
probe is opened and converted to a single strand, and 

a step that imparts electric potential to the electrode of the electrode of the chip 
that has passed through said reaction, and judges the state of the hybridization with said 
probe and with said sequence subject to detection based on the electric current value 
obtained. 

10. The target gene detection method described in Claim 9 that uses a probe in 
which multiple probes that recognize multiple different target genes are fixed to different 
electrodes for each respective probe. 



1 1 . A method that simultaneously detects multiple target genes characterized in 

having, 

in a method that detects a target gene using a probe, 

a step that forms, on the electrode surface of the chip for target gene detection use 
described in Claim 8, a reaction system in which said probe fixed to said electrode 
surface can make the above-mentioned hairpin structure, and 

a step that causes a reaction under conditions that can cause a sample and the 
above-mentioned probe, when at least one kind of sequence subject to detection with 
respect to the multiple different target genes in said sample has been included, to form 
two strands by means of hybridization with said probe and said sequence subject to 
detection, and convert to a single strand that does not have a two strand part with the 
hairpin structure of said probe opened, and 

a step that imparts electric potential to the electrode of the chip that has passed 
through said reaction, and judges the state of the hybridization with said probe and with 
said sequence subject to detection based on the electric current value obtained. 



[note: The International Search Report is already translated.] 



